Bacillus thuringiensis strain AFlOl possesses a single plasmid (pAF101) with a molecular size of 42 MDa (69 kb). During plasmid curing experiments in strain AFlO1, we found that a phage (J7W-1) was induced by ethidium bromide treatment. Moreover, the phage genome (48 kb) hybridized only with pAF101 on a Southern blot of the DNA of a cleared lysate prepared from strain AFlO1. Comparison of the restriction patterns of pAFlOl and J7W-1 phage DNA revealed that pAFlOl contains not only the entire phage DNA but also a plasmid-specific DNA region. These results indicate that the J7W-1 genome has been stably integrated into pAFlOl in strain AFlOl. Integration of the J7W-1 genome into a plasmid was also observed after phage infection of the type strain of B. thuringiensis subsp. israelensis.
Extraction and pur8cation ofplasmid. The extraction of the plasmid from B. thuringiensis strain AF 101 was done according to the method of Battisti et al. (1985) , except that proteinase K (Merck) was used instead of lysozyme. Plasmid in cleared lysate was purified by CsCl/ethidium bromide centrifugation (Maniatis et al., 1982) . The electrophoresis of DNA was done on a 0.7 % agarose gel in TAE buffer (0.04 M-Tris/acetate, 2 mM-EDTA, pH 8.0) at 50 V for 120 min at room temperature.
Induction ofphage. A cell suspension cultivated at 27 "C for 16 h in LB broth was inoculated (1 : 100) into fresh LB broth containing 0.5-5 pM-ethidium bromide, and cultured at 27 "C with continuous shaking. Cell growth was examined by measuring the optical density (660 nm) of the cell culture at 1 h intervals. The phage suspension was prepared from the cell lysate by centrifugation at 20000g for 1 h at 4 "C, after removing cell debris by centrifugation at 1OOOOg for 20 min at 4 "C. Phage particles were purified by 1040% sucrose density-gradient centrifugation using a Spinco SW25-1 rotor at 23000 r.p.m. for 1 h at 4 "C. Phage DNA was extracted by phenol treatment after incubation of the phage particles with 0.2% SDS at 37 "C for 30 min.
Phage infection. The infectivity of the phage was examined by a spot test. Cells were cultivated in LB broth at 27 "C until the mid-exponential phase and inoculated into a top layer of 3 ml 0.7% soft LB agar on an LB agar plate. Samples (50 pl) of phage suspension (approximately 7 x lo6 p.f.u. ml-l) were spotted on the surface and the lytic response of cells to the phage was scored after incubation of the plate at 27 "C for 24 h.
Southern blotting and hybridization. Plasmid and chromosomal DNAs in cleared lysates were separated on 0.7% agarose gels and transferred to nitrocellulose membrane (Sartorius) by the Southern blotting technique (Maniatis et al., 1982) . Peroxidase-labelled Hind111 fragments of phage J7W-1 DNA were used as a hybridization probe. The enzyme-labelled DNA was prepared by using the Labezyme-POD set (Wako Pure Chemical Industries) and DNA-DNA hybridization was done according to the procedure recommended by the supplier.
Restriction enzyme analysis of plasmid and phage DNA. Plasmid and phage DNAs purified by CsCl/ethidium bromide centrifugation were digested with restriction endonucleases (Nippon Gene). The reaction conditions were as recommended by the supplier. Digests were analysed by 0.7% agarose gel electrophoresis.
RESULTS

Plasmid content of strain AFlOl
The cleared lysate was examined to detect a plasmid array in strain AFlOl by agarose gel electrophoresis. This strain harboured only one type of plasmid, which we termed pAFlOl. The size of pAFlOl was estimated to be 42 MDa (69 kb) by comparison with plasmids whose sizes were already known in the type strain of B. thuringiensis subsp. thuringiensis (Gonzilez & Carlton, 1980) .
To investigate the biological function of this plasmid, curing of pAFlOl from strain AFlOl was attempted by treatment with SDS and ethidium bromide. After cultivation of cells for 8 h at 27 "C in LB broth containing 0.002% SDS, one plasmid-free strain (TS-1) was selected as an acrystalliferous strain. Strain TS-1 was confirmed as H-serotype 4a : 4b, the same as the parental strain AFlOl, by flagellar agglutination.
Phage induction by ethidium bromide
In plasmid curing experiments, it was observed that cell lysis was induced in strain AFlOl during culture in LB broth containing 0-5 p~ and 5 pmethidium bromide (Fig. 1) . Growth was completely inhibited in the presence of 5 0 p~e t h i d i u m bromide. Since the cell lysis was considered to be caused by induction with ethidium bromide of a temperate phage or bacteriocin, the cell lysate was examined by electron microscopy. Phage particles (Fig. 2) were detected in the cell lysate and were found to form a single band upon sucrose density-gradient centrifugation of the lysate. Thus, it was concluded that the cell lysis during culture with ethidium bromide occurred upon the induction of one kind of temperate phage, which we termed J7W-1.
On the other hand, the phage was not induced in the plasmid-free strain TS-1 at a concentration of 1 pi-ethidium bromide. This result suggests that the induction of J7W-1 by ethidium bromide in strain AFlOl depends on the presence of pAF101.
Host range and properties of J7 W-I The host range of J7W-1 was examined using 26 type strains of B. thuringiensis by spotting the phage suspension onto fresh lawns of each strain in soft LB agar. Two type strains (subsp. sotto 0 1 2 3 4 5 6 7 8
Time (h) and subsp. israelensis) showed a lytic response to infection by J7W-1. The sensitivity of these strains to J7W-1 was reduced if stationary-phase cells were used to prepare the top layers (data not shown). (Colasito & Rogoff, 1969; Iwahana, 1976) .
The molecular sizes of fragments produced by digestion of the J7W-1 genome with EcoRI, HindIII, BglII and PstI gave values of 48.7,46.6,48.8 and 47.9 kb, respectively, for the total size of the phage genome. The molecular size of the J7W-1 genome was estimated to be 48.0 kb, as the mean of these four values.
Location of phage genome
As the induction of J7W-1 appeared to be associated wth pAFlO1, the presence of regions in the chromosome and/or the plasmid homologous to phage DNA was examined by Southern hybridization of cleared lysate against a J7W-1 DNA probe. J7W-1 DNA was able to hybridize to pAF101, but not to the chromosome (Fig. 3) . Moreover, comparison of their restriction digests showed that pAFlOl contained not only all the J7W-1 DNA fragments but also additional plasmid-specific DNA fragments (Fig. 4) . These results strongly suggest that the J7W-1 genome is integrated into pAF101.
The location of the prophage was also investigated in J7W-1 lysogens of the type strain of B. thuringiensis subsp. isruelensis. Lysogenized strains were isolated from surviving colonies on an agar plate after infection by J7W-1, and these strains were tested to see whether they produced J7W-1 upon ethidium bromide induction. In all lysogens of subsp. isruelensis, a newly acquired plasmid was observed (Fig. 5 ) and, as expected, it hybridized with J7W-1 genomic DNA (Fig. 6) . 
DISCUSSION
We have found that plasmid pAFlOl in B. thuringiensis strain AFlOl contains a novel temperate phage genome.
It has been reported that the crystal gene is located on plasmids in most sdbspecies of B. thuringiensis. Strain AFlOl appears to possess a single species of plasmid, as is the case for the type strain of subsp. sotto, whose crystal gene has been cloned from a plasmid (Shibano et al., 1985) . The present study has shown that a plasmid-cured derivative of strain AFlOl lost the ability to produce crystals. This suggests that pAFlOl may be closely associated with crystal production (although the possibility that a second, undetected, plasmid is involved cannot be excluded). The location of any crystal gene in pAFlOl remains to be resolved.
Ethidium bromide caused phage induction in strain AFlOl. Phage induction by ethidium bromide has not, to our knowledge, been previously reported. Phage induction in B. thuringiensis, has been reported to occur as a result of UV irradiation and treatment with
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hydrogen peroxide or mitomycin C in strains of subsp. gulleriue (Colasito & Rogoff, 1969) , by UV irradiation, mitomycin C and aflatoxin B1 treatment in a strain of subsp. tolworthi (Affray & Bouti bonnes, 1989 , and by co-cultivation of crystalliferous strain T84-A 1 and acrystalliferous strain S-16 both belonging to H-serotype 4a :4b (Iwahana, 1976 ). It appears that treatment with ethidium bromide can induce the phage from the lysogenic strain since it binds to DNA and inhibits DNA synthesis in uiuo, in a similar manner to mitomycin C (Bouanchaud et ul., 1968) . The novel phage, J7W-1, revealed to be inducible by ethidium bromide in this study, has a relatively narrow host range, i.e. the type strains of subsp. sotto and subsp. isruelensis. It is noteworthy that both strains which are susceptible to infection with J7W-1 possess the same heat-stable somatic antigen (Mike, 198 1) .
In the lysogenic state, the genomes of most temperate phages are integrated into the host chromosome, while some, such as the prophages of P1 (Ikeda & Tomizawa, 1968) and N15 (Ravin & Shulga, 1970) , exist as autonomous plasmids in the host cell. The present study demonstrates that the J7W-1 genome is integrated into plasmid pAFlOl in strain AFlO1. This strain appears to have a single plasmid; no other satellite DNA molecules, including free J7W-1 genome, were detected. This indicates that J7W-1 prophage persists in strain AFlOl as an integral part of pAFlOl ; further study on the integration site of J7W-1 in pAF101 is in progress. Furthermore, J7W-1 prophage was present in a plasmid form in J7W-1 lysogens of subsp. isruelensis, since a new plasmid, which hybridized with the J7W-1 genome, was detected in agarose gel electrophoresis. It is not yet clear whether the prophage is integrated into a preexisting plasmid in these circumstances, or whether it forms an independent plasmid.
According to the evidence presented here, we suggest that phage J7W-1 could be a novel type of phage which shows a plasmid-dependent prophage state during lysogeny in B . thuringiensis.
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